ABSTRACT
INTRODUCTION
Artemisia monosperma (Delile) is a green aromatic perennial shrub that belongs to the family Asteraceae (Compositae) and it grows widely in the deserts of Middle East, Africa and China. [1] [2] [3] The plant is reputed in folk medicine for treatment of gastrointestinal disorders, 4 diabetes, 5 rheumatic pain, fever and to induce abortion. 6 In addition to the high antioxidant activity, 7 A. monosperma is reported for antimicrobial activities [8] [9] as well as its insecticidal and antimalarial potentiation. [10] [11] [12] [13] Grech-Baran and Pietrosiuk 14 reported the synthesis of two drugs, Artemisinin and Arglabin, first isolated from Artemisia species. 15 Artemisinin derivatives have become standard treatment worldwide against malaria while Arglabin and its derivatives have shown antitumor activity against multiple tumor cell lines. 16 The wide-range of biological activities of A. monosperma is due to its content of a vari-
Isolation and Characterization of Flavones from Artemisia monosperma

Extraction of Plant
Several organic solvents were used to extract flavonoids from the plant. The dried plant (7.0 Kg) was immersed in petroleum ether at room temperature for 10 days with frequent agitation to extract lipids. The petroleum ether was filtered, evaporated under reduced pressure to give a crude extract that was kept for later use. The plant material was further extracted repeatedly with multiple organic solvent systems as shown in Figure 1 . All chemicals and organic solvents used were of analytical grade and purchased from Fisher Scientific.
Fractionation of the Methanolic Crude Extract
The methanolic crude extract (183 g) was subjected to fractionation using column chromatography and Thin Layer Chromatography (TLC). It was adsorbed on 150g silica gel, and loaded on a previously packed silica gel column with chloroform (8cm x 60cm, 1kg silica gel 60 PF254, 70-230 mesh). Elution of the column was initially with chloroform then the polarity was increased gradually by adding 95% ethanol and /or methanol. Eluents collected in 500 ml, analyzed by TLC, and combined into twelve fractions that were concentrated and subjected to further fractionation by column chromatography.
Purification
The identified flavones were isolated from eight fractions subjected to column chromatography. Each selected fraction was loaded on a silica column (0.35-0.50 Kg silica gel 60 PF254) packed in benzene: ethyl acetate (85%-75%). The loaded quantities were: fraction II (10.7g); fraction III (8.0g of 14.2g); fraction IV (11.7 g); fraction V (15g of 25 g), fraction VI (8.0g); fraction VII (7.5g); VIII (7.5g). The polarity of the eluted solvent was increased gradually until pure ethyl acetate was reached. Fractions were collected in 500ml and combined according to their TLC analysis. Further purification of fractions was achieved by either crystallization or by fractionation by TLC plates using suitable solvent systems. The structural elucidation of compounds was achieved by spectral analysis of 1 H-NMR, UV, and mass data.
Ultraviolet (UV) Analysis
UV spectra were recorded on a Nikon 810 spectrophotometer. Identification of functional groups on the flavone nucleus was obtained by comparison of the spectrum of the compound in methanol to those obtained in the presence of acidic or basic shift reagents (sodium methoxide, aluminum chloride in presence or absence of hydrochloric acid).
Mass Spectroscopy Analysis
The mass spectral data obtained by the electron impact method (eim) at 70-90 eV on a kratos MS 9/50 double-focusing high resolution mass spectrophotometer.
Nuclear Magnetic Resonance (NMR) Spectroscopic Analysis
The proton nuclear magnetic resonance (200 MHz   1 H-NMR) spectra were recorded on a Brucker WP-200 spectrometer. Proton chemical shifts presented as parts per million (ppm) on a scale relative to tetramethylsilane using a deuterated chloroform peak at 7.26 ppm as an internal standard. Low-soluble compounds were dissolved in hexadeuteriodimethyl sulfoxide (DMSO-d 6 ). The coupling constants are given in Hertz (Hz).
RESULTS
Four flavone aglycones are reported for the first time from A. monosperma. These are: 5-hydroxy-6,7, 3?,4?-tetramethoxyflavone, ladanein, eupatorin and arcapillin. Other five previously reported flavone aglycones are identified as: eupatilin, circimaritin, cirsilineol, hispidulin, and jaceosidin. Table 1 lists the obtained flavones, their chemical formula, common names, quantities, and molecular weights. The structural elucidation of compounds was achieved by spectral analysis of proton nuclear magnetic resonance, ultraviolet, and mass data. Table 2 lists the analysis of UV spectra, and Figure 2 shows the 1 H-NMR spectra. The organic solvent mixtures used to obtain the flavones by crystallization or by fractionation using TLC plates as listed in Table 3 . Two acetophenone derivatives were also isolated and identified as 4-hydroxyacetophenone ( Figure 3 ) and 3-(2-Hydroxymethyl-2-buten-4-yl)-4-Hydroxyacetophenone (Figure 4 ) from fractions previously yielded flavones. The TLC of fraction IV using chloroform: methanol: ammonia gas (8:2 v/v) produced 115 mg of 4-Hydroxyacetophenone which is known as piceol. 500 mg of 3-(2-Hydroxymethyl-2-buten-4-yl)-4-hydroxyacetophenone was obtained by TLC of fractions V and VII using chloroform: methanol: ammonia gas (7.5: 2.5 v/v). The UV spectrum of this compound in methanol showed a band at 278 which was shifted to 354 upon addition of sodium methoxide indicating the presence of a phenolic group. The mass spectrum showed a molecular ion peak at m/e 202 due to the loss of a water molecule.
DISCUSSION
Flavones, a subgroup of flavonoids, have a basic skeleton that consists of three rings as shown below. The antioxidant activity of flavonoids is related to their structure especially the hydroxy substitution of the aromatic A and B rings and the substitution pattern of the C-ring. 34 We report the isolation and characterization of nine flavones from the methanolic extract of A. monosperma; four of which are reported for the first time from this plant. The five previously reported flavones from Artemisia monosperma are eupatilin, 17 circimaritin, cirsilineol, jaceosidin and hispidulin. 20 The data of 1 H-NMR, UV and mass obtained for the different flavones match those reported in the literature. 20, [34] [35] [36] [37] [38] [39] [40] [41] The two acetophenone derivatives are of importance because of the potential of their anti -oxidative and anti-inflammatory effects of acetophenones. 
Mass Spectra
The mass spectrum of each flavone displayed a molecular ion peak which matches its molecular formula. The fragmentation pattern was helpful in determining the substitution pattern because the resulting C-ring fragments as well as those of A and B rings are typical for each flavone. 34 For example, the structure of arcapillin was confirmed by the mass spectrum which revealed the presence of the A and B rings which is indicative of the two methoxyl groups in ring A ( Figure 6 ). All isolated flavones showed similar fragmentation patterns. [38] [39] [40] [41] The mass spectrum 4-hydroxyacetophenone showed a molecular ion peak at m/e 136 which corresponds to its molecular weight and the mass spectrum of 3-(2-hydroxymethyl-2-buten-4-yl)-4-hydroxyacetophenone showed a molecular ion peak at m/e 202 due to the loss of a water molecule ( Figure 5 ).
Ultraviolet Spectroscopy
A summary for the UV spectral peaks under different conditions are listed in Table 2 . The existence of a flavone nucleus is indicated by the UV spectrum of a flavone in methanol based on the appearance of two major absorption peaks; band I and band II. 39 The range of absorption for each band and subsequent bathochromic shift and change in the magnitude of peak intensity upon addition of different reagents determined the functional groups on the flavone nucleus. 34, 39 The UV spectra for the two isolated acetophenone derivatives confirmed the presence of a phenolic group. The UV spectrum of 4-Hydroxyacetophenone in methanol showed a band at 277 which was shifted to 322 upon addition of sodium bicarbonate. This shift confirmed the presence of a phenolic hydroxyl group. The UV spectrum of 3-(2-hydroxymethyl-2-buten-4-yl)-4-hydroxyacetophenone in methanol showed a band at 278 which was shifted to 354 upon addition of sodium methoxide indicating the presence of a phenolic group. 
